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Abstract—The Mini-disk Infiltrometer has been adapted for use as a field test of post-fire infiltration and soil water repel-
lency. Although the Water Drop Penetration Time (WDPT) test is the common field test for soil water repellency, the Mini-disk
Infiltrometer (MDI) test takes less time, is less subjective, and provides a relative infiltration rate. For each test, the porous base
plate of the MDI is placed on the soil surface and the amount of water that passes into the soil in one minute is measured.

Thousands of paired WDPT and MDI tests were applied at burned sites throughout the western United States, and the data
were significantly correlated (r = —0.64). A classification tree analysis was used to group the MDI test results into “degree

of soil water repellency” categories (strong, weak, and none) that correspond to similar categories established for the WDPT
test. Fire-induced soil water repellency has high spatial variability and requires a valid sampling method if the data are to be
credible. The MDI test protocol and sampling method described in this Research Note were developed for post-fire assess-
ment, and provide a practical evaluation of burned soil infiltration characteristics in a limited time.

Introduction

After forest fires, the potential for flooding and ero-
sion dramatically increases, partially due to decreased
infiltration across the burned landscape (Pierson and
others 2001, Robichaud 2000). Combustion of the sur-
face organic material (litter and duff) can create water
repellent layers within the mineral soil. When organic
material burns, some of the volatilized material with
hydrophobic properties moves downward into the soil
profile and condenses on cooler soil particles beneath the
surface (DeBano 1981). The coated soil particles form
a non-continuous water repellent layer that is generally
parallel to and within 5 cm of the mineral soil surface
(Clothier and others 2000, DeBano 2000). On naturally
water repellent soils, fire may destroy existing surface
soil water repellency and create a stronger water repel-
lent layer beneath the surface. Water repellent soils have
decreased infiltration and increased runoff and erosion
as compared to non-water repellent soils (Benavides-
Solorio and MacDonald 2001). The combustion of sur-
face organic material reduces the absorption and water
storage capacity (“sponge” effect) above the mineral
soil, which also contributes to post-fire decreases in
water infiltration rates.
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Soil water repellency, whether naturally occurring or
fire-induced, is not a stable phenomenon. When the soil
is wet after snow melt, hydrologic behavior is normal;
however, when the soil dries, water repellent conditions
reoccur (Dekker and Ritsema 2000). Consequently,
soil water repellency is generally strongest in the drier
summer months. Over time, as the soil is intermittently
exposed to moisture, fire-induced soil water repellency
slowly declines (DeBano 1981, Letey 2001). The per-
sistence of fire-induced soil water repellency depends
on many physical and biological factors that affect the
breakdown of the hydrophobic chemicals that coat the soil
particles, and as a result, is highly site-specific (Doerr
and others 2000). The time needed for fire-induced
soil water repellency to dissipate has been reported to
be less than 1 year after the Bobcat Fire in Colorado
(Huffman and others 2001) and as long as 6 years after
a severe wildfire in a lodgepole pine forest in Oregon
(Dyrness 1976).

Estimating the reduced infiltration after a fire is
essential for modeling post-fire hydrologic processes
(Pierson and others 2001, Robichaud 2000). Because
water repellent soils have a large impact on the soil
infiltration characteristics, post-fire assessment of the
extent and degree of fire-induced soil water repellency is
used to estimate the reduction in infiltration (Robichaud
and others 2000). This assessment is usually done within
days after the wildfire is contained.

Of the two current field methods for assessing water
repellent soil—the Molarity Ethanol Drop (MED) test



(King 1981) and the Water Drop Penetration Time
(WDPT) test (DeBano 1981)—the WDPT is the most
commonly used for post-fire assessment. In the WDPT
test, water drops are placed on an exposed surface of
the mineral soil and the time to infiltrate into the soil
is observed (fig. 1). The time to infiltrate is often aver-
aged over a number of drops and the mean is used to
determine the degree of soil water repellency at the
sample location and depth. The two extreme conditions
of soil water repellency are easily evaluated—when soil
is strongly water repellent water drops “bead up” and sit
on the soil surface for the total observation time (300
seconds), and when soil has no water repellency water
drops infiltrate within 5 seconds. However, in situations
where water drops sit on the soil surface for a portion
of the observation time and then slowly collapse and
infiltrate the soil, more subjectivity is introduced. As
water drops collapse on the soil surface, the observer
must judge when infiltration has occurred. Given that
water drops differ in size, may trap air within them,
and tend to roll around soil particles and down slopes,
determining the time to infiltration can be subjective
and imprecise. In addition, some researchers feel that
the time needed for a water drop to infiltrate measures
the stability of soil water repellency rather than the
degree of soil water repellency (Dekker and Ritsema
1994, Letey 2001).

Figure 1—The water drop penetration time (WDPT) test
performed at 1 cm below the surface of the soil. The water
drops inside the rectangle are beaded up on the surface while
drops outside of the rectangle have infiltrated the soil.

The Mini-disk Infiltrometer

The Mini-disk Infiltrometer (MDI) (Decagon Devices,
Inc., Pullman, WA) is a hand-held field instrument for
rapidly assessing soil infiltration capacity (fig. 2). When
the infiltrometer is placed on a wettable soil surface,
the suction from the soil side of the porous disk is able
to break the water surface tension across the disk and
water passes from the infiltrometer into the soil. As water
passes through the porous disk into the soil, bubbles rise
in the main chamber and in the bubble chamber. When
the MDI is placed on strongly water repellent soil, there
is not enough suction to break the water surface ten-
sion across the porous disk and no water infiltrates the
soil. The suction on the infiltrometer side of the disk is
controlled by the “suction control tube” (0.5 to 7 cm)
at the top of the infiltrometer. During field testing, we
determined that 1 cm is the optimal suction setting for
post-fire soil infiltration and water repellency field tests.

Upper
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Bubble tube
chamber
:§ Rubber
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Figure 2—Diagram of the Mini-disk Infiltrometer (from
Decagon Devices, Inc., Pullman, WA) with parts labeled.
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The 1 cm setting provides enough suction to keep the
MDI from dripping when held off the soil, but still al-
lows the MDI to differentiate soils with strong, weak,
and no water repellency.

The MDI test measures the volume of water (mL) that
passes from the infiltrometer into the soil in 1 minute.
The 1-minute interval was arbitrarily chosen and has
proven to be long enough to detect water repellent soil
conditions, yet fast enough to be a useful assessment
procedure for post-fire assessment teams. The MDI test
provides a relative infiltration rate, which can be used
to classify soil water repellency as well as to compare
the infiltration capacities of tested sites.

Comparing the Mini-disk Infiltrometer Test
to the Water Drop Penetration Time Test

For several years, we made paired WDPT and MDI
test measurements to evaluate the use of the MDI. Paired
measurements (n = 2069) from eight wildfires in four
states (CA, CO, ID, and MT) were analyzed using the
non-parametric Spearman rank correlation analysis

(SAS Institute Inc. 1999a). The tests were performed at
recently burned sites that varied in soil burn severity.
The mean of eight WDPT and of three MDI measure-
ments from each sample location were correlated. The
correlation of MDI to WDPT (r=-0.64) was significant
(p <0.0001) for all data (table 1).

An in-depth study of the MDI was implemented at
the James Creek site following the 2003 Hot Creek Fire
(Boise National Forest) in Idaho. Soil water repellency
characterization was done adjacent to research plots
that were established to study post-wildfire infiltration,
erosion, and recovery. Twenty-nine high burn severity
plot sites were tested in August 2004 using the MDI
and WDPT tests at six depths (0, 1, 2, 3, 4, and 5 cm).
The James Creek study provided data used to correlate
the WDPT and MDI tests (table 1) and to derive MDI
test values that could be used to classify “degree of soil
water repellency” that correspond to the established
WDPT test classifications.

The correlations between the WDPT and MDI tests
were highest where soil water repellency existed
(table 2). The Spearman correlation coefficients were

Table 1—Spearman correlation coefficients (r) for soil water repellency mea-
surements made using the WDPT and MDI tests. All values are
significant with p < 0.0001.

Fire name Year Sample size WDPT—MDI
(n) Correlation coefficient (r)

Hayman 2002 182 -0.68
Black Mountain 2003 170 -0.67
Cooney Ridge 2003 383 -0.59
Roberts 2003 410 -0.57
Simi 2003 358 —0.66
Oold 2003 289 —-0.60
Wedge 2003 103 -0.40
James Creek 2003° 174 -0.83

All data 2069 -0.64

@James Creek measurements were taken in 2004, 1 yr after the fire.

Table 2—Spearman correlation coefficients (r)
for the WDPT-MDI tests done at 29
James Creek burned plots (n=174)and
sorted by depth. Values in bold type are

significant at the p < 0.05 level.

WDPT-MDI
Correlation coefficient (r)

All data -0.83
by depth

Ocm -0.24

1cm -0.68

2cm -0.79

3cm -0.74

4 cm -0.78

5cm -0.70
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significant at the p < 0.05 level for all depths below
the surface and for all depths combined (r = —0.83).
However, the surface measurements generally indicated
non-water repellent soil (typical of recently burned soil)
and the Spearman correlation coefficient for the surface
measurements (—0.24) was not significant (table 2).
Data from post-fire WDPT field tests are most com-
monly used to classify soil into water repellency classes.
The classes are arbitrarily assigned and vary between
countries and agencies. In the United States, most post-
fire researchers categorize WDPT results using the four
water repellency classes developed by DeBano (1981);

Extreme category is
greater than 3600 s

T

Severe category
is 600 to 3600 s

T

Strong category
extends to 600 s
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0 BAER Research  Research

Figure 3—Soil water repellency classifications based on water
drop penetration time (WDPT) as used by USDA-FS BAER
(USDA Forest Service 1995), USDA-FS researchers (DeBano
1983), and European researchers (Doerr and others 2006).

however, Burned Area Emergency Response (BAER)
teams use a different classification system (fig. 3). To
facilitate classification of soil water repellency using MDI
data, class breakpoints in MDI values were determined
using classification tree analysis of the James Creek data.
This analysis did not find a break point in the MDI test
values that would indicate moderate soil water repel-
lency. Thus, two classes—strong (0 to <3 mL min"')
and weak (3 to <8 mL min~")—of soil water repellency
were identified. MDI test values of 8 mL min~' or more
indicate no water repellency. A similar set of MDI values
were determined by the BAER soil science team on the
2006 Derby Fire in the Bitterroot National Forest of
Montana. The post-fire MDI field measurements ranged
from 1 to 2 mL min~' on the strongly water repellent
soils and 7 to 11 mL min™' on the soils with no water
repellency (Sirucek and others 2006).

The relative infiltration rates measured by the MDI
test provide more information than the WDPT about the
infiltration capacity of low and non-water repellent soils.
For example, 51 test locations within the James Creek
data set were classified “non-water repellent” by both
the WDPT and MDI test values. The range of values
was 0 to 4 seconds for the WDPT test and 8 to 25 mL
min~" for the MDI test. Thus, some non-water repellent
locations had three times greater infiltration rates than
others. This difference in infiltration capacity cannot be
detected using the WDPT test. Relative infiltration rates
may be useful for predicting the watershed response to
future rain events.

In our research, fire-induced soil water repellency
has most often been detected at 1 to 3 cm below the
surface. In burned areas, surface measurements (imme-
diately below the ash layer where soil and ash mix) often
indicate non-water repellent soil, making sub-surface
testing necessary to determine the existence and extent
of a fire-induced water repellent soil layer. The data
from James Creek is typical of forested areas burned
at high severity—no detectable soil water repellency at
the surface with a strongly water repellent soil layer at
1 to 2 cm below the surface (fig. 4).

In general, if fire-induced water repellency is preva-
lent at 1 to 3 cm below surface and there is little or no
cover on the soil, the risk for post-fire erosion is high.
During a rain event, the thin, wettable soil layer on the
surface quickly becomes saturated. The water, which is
hindered by the sub-surface water repellent soil layer,
can not infiltrate deeper into the soil and becomes ex-
cess overland flow that easily entrains and carries the
saturated soil downslope (Doerr and others 2006).
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Figure 4—Mean Mini-disk Infiltrometer (MDI) test values at
the surface and at five depths (1 to 5 cm) below the surface
for burned sites.

The MDI Test for Fire-induced Soil
Water Repellency and Infiltration____

Field Test Materials (fig. 5)

Mini-disk Infiltrometer

1 L (or larger) water bottle to refill the infiltrometer
as needed

small trowel

stopwatch

small ruler to measure soil depth (or a ruled trowel
blade)

recording sheets (appendix A)

plastic wash bottle to rinse the porous disk after
each test

Test Steps

1.

2.

Use the trowel to cut to the soil depth being tested
and lift off the overlying ash, surface organic
material, and mineral soil to expose the soil at 1
or 3 cm depth.

Fill the infiltrometer (fig. 2)

a. Remove the upper stopper and fill the bubble
(upper) chamber. Once it is full, replace the
upper stopper and slide the suction control
tube all the way down so that it rests on the
rubber gasket between the two chambers.

b. Invert the infiltrometer, remove the bottom
elastomer with the porous disk, and fill the
main (lower) chamber. Replace the bottom
elastomer, ensuring the porous disk is firmly
in place.

USDA Forest Service Research Note RMRS-RN-33. 2008

. Turn the infiltrometer upright and adjust the suc-

tion to 1 cm by aligning the surface of the water
in the bubble chamber with the 1 cm mark on the
adjustable suction tube.

. Hold the top of the infiltrometer so that the water

surface in the main chamber is at eye level and
record the start volume (mL).

. Place the infiltrometer porous disk flat against the

soil with the infiltrometer held perpendicular to
the surface. Start the timer when the infiltrometer
disk and soil come into contact. (On steep slopes
[50 to 60 percent or more], you may observe water
from inside the tube seeping from the side of the
infiltration disk and running downslope along the
soil surface and not infiltrating. If this happens,
use the trowel to cut a level “shelf” as close as pos-
sible to the depth being tested within the mineral
soil. Set the infiltrometer perpendicular to the cut
surface rather than the hillslope.)

. Continue to hold the infiltrometer against the soil

surface so that the entire infiltration disk is in
contact with the soil for an uninterrupted minute.
The infiltrometer needs to be held against the soil,
but it does not need to be pushed into the soil with
any force.

. At the end of 1 minute, remove the infiltrometer

from the soil and hold the top of the tube so that
the water is at eye level. Record the end volume.

Figure 5—Using the Mini-disk Infiltrometer in the field.



8. Record the amount of water that has infiltrated the
soil during the 1-minute test.
9. Rinse the porous disk to remove any soil particles
that cling to the disk.
10. Refill the infiltrometer as needed.
11. Repeat steps 4 through 10 for each test.

Sampling a Burned Area

Post-fire assessments of soil water repellency and
reduced infiltration are needed within days after fire
containment. This short time frame for sampling neces-
sitates a sampling scheme that 1) focuses on areas where
soil water repellency and reduced infiltration are most
likely; 2) provides a logical method for extrapolation of
sample results to burned areas that are not sampled; and
3) attaches a level of confidence to the measurements.

Fire-induced soil water repellency has high spatial
variability and may vary at the 10-cm scale (Lewis and
others 2006). MDI test measurements usually reflect
this high spatial variability, and if the sample size is
small, the results have low statistical power and may
not accurately reflect the average soil water repellency
of the area. The classification of the burned area based
on variables related to soil water repellency that have
spatial structure (in other words, are not random) can
increase statistical power and at the same time reduce
sample size (Klironomos and others 1999). Regardless
of the sampling method used, it is recommended that a
minimum of three M DI tests be done in close proximity
(immediately adjacent to, but not on top of or beneath,
a previous test) at each sample location to compensate
for measurement variability.

The sampling method described in appendix B is
applied to a burned area that has similar soil (e.g., gra-
nitic or volcanic) and pre-fire vegetation (e.g., forest or
grass). If the post-fire assessment includes more than
one general soil or vegetation type, a separate evalua-
tion of infiltration and soil water repellency should be
done in each area. To determine where to sample, the
burned area is divided using two characteristics—burn
severity and slope aspect. Slope aspect has been highly
correlated to burn severity, and soil burn severity is
the factor most highly correlated to post-fire soil water
repellency (Lewis and others 2006). Areas burned at
high severity often have strongly water repellent soils,
while areas burned at low severity have weak or no
fire-induced soil water repellency. Moderately burned
areas are typically a mosaic of high and low soil burn
severity areas and generally have soils with amix of both
strong and weak water repellency. Hillslopes with north
aspects tend to be wetter and more densely vegetated,

while slopes with south aspects are generally dryer and
have less fuel. Fire reacts to these differences in slope, soil
moisture, and vegetation, often spreading more quickly on
a slope with a south aspect, but sometimes with less fire
residence time and, therefore, less soil heating. Although
the hillslopes in an area may all be designated as high
or moderate burn severity, the soil water repellency may
vary by slope aspect. In addition, because fire spread
and duration also vary from the base to the top of a
hillslope, soil water repellency may vary by hillslope
position. For this reason, samples from both the upper
and lower portion of the hillslope are needed.

With any sampling scheme, the goal is to estimate the
true variability and mean of a specific trait within the
whole population by measuring that trait in a subset of
the population. If too few samples are measured, the
results will have a low confidence level (a measure of
the certainty that the sample data represents the entire
population). However, there is always a trade off between
confidence level and time and resources spent on the
sampling process.

Adequacy of sample size is often evaluated in terms
of statistical power—the probability that the true mean
of the data is within a pre-determined precision (SAS
Institute Inc. 1999b). When determining post-fire infiltra-
tion and soil water repellency using the M DI, statistical
power is dependent on the inherent variability of the
data and the selected precision—the pre-determined
limit that the measured mean can vary from the true
mean MDI test value. The real statistical power of any
data set can only be calculated after-the-fact, when the
true variability (standard deviation) can be calculated.
However, we derived the inputs needed for a power
analysis, including the standard deviation, from the por-
tion of our existing post-fire MDI test data that could
be classified by slope and aspect (n > 1000). We used
these inputs to calculate a range of sample sizes with
corresponding confidence levels. We then estimated
sample sizes corresponding to 70, 80, 90, and 95 percent
confidence levels and applied them to the sampling method
presented in appendix B. Like most statistical analyses, the
more measurements taken, the higher the confidence level
assigned to the conclusions.

The short time available for post-fire assessment often
restricts the number of samples that can be obtained
and results may have less-than-desired confidence lev-
els. Also, the results obtained from a relatively small
sample within a category will, by necessity, be applied
to other burned areas of the same category. Although
these minimal sampling guidelines may not be adequate
for science research purposes, they do provide practi-
cal guidance for making the most of the limited time
available for post-fire assessment.
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Management Implications

Soil water repellency and infiltration assessments
are needed for post-fire emergency stabilization and
rehabilitation planning. The Mini-disk Infiltrometer
has been adapted for use as a field test of fire-induced
soil water repellency. The MDI test is an effective
technique to quickly assess the existence and degree of
water repellent soil as well as the relative infiltration
capacity. In addition to the development of a MDI test
protocol, the MDI test values have been correlated to
the current soil water repellency classifications based
on the WDPT test. Thus, MDI results can be used for
reporting the degree and extent of soil water repellency
in customary terms.

The sampling method described in appendix B uses
burn severity and slope aspect to classify the burned
area into hillslopes that are likely to have similar soil
water repellency and infiltration characteristics. This
classification provides a way to systematically sample
the burned area and have reasonable confidence that
soil water repellency and infiltration assessments can
be applied to non-sampled areas with similar charac-
teristics. The sampling method provided in appendix B
may challenge the time and resources available to many
BAER teams; however, it does describe the minimum
evaluation needed for various levels of statistical power
and assessment confidence.
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Appendix A—Data Recording Sheet

Site: Soil Burn Severity:  High Moderate
' Slope Aspect:  North South
Date: Sampler: Slope Position:  Upper Lower

For each test, record the MDI water level at the start, place the MDI on the soil for 1 min, and record the
MDI water level at the end. Subtract the two readings to obtain “water infiltrating (mL)”

0 m Transect meter mark

Trial 1 Trial 2 Trial 3
Start End Water Start End Water Start End Water
reading | reading infiltrating reading | reading infiltrating reading | reading infiltrating
Depth (cm) | mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL)
1
3
10 m Transect meter mark
Trial 1 Trial 2 Trial 3
Start End Water Start End Water Start End Water
reading | reading infiltrating reading | reading infiltrating reading | reading infiltrating
Depth (cm) (mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL)
1
3
30 m Transect meter mark
Trial 1 Trial 2 Trial 3
Start End Water Start End Water Start End Water
reading | reading infiltrating reading | reading infiltrating reading | reading infiltrating
Depth (cm) | mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL)
1
3
60 m Transect meter mark
Trial 1 Trial 2 Trial 3
Start End Water Start End Water Start End Water
reading | reading infiltrating reading | reading infiltrating reading | reading infiltrating
Depth (cm) | mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL)
1
3
100 m Transect meter mark
Trial 1 Trial 2 Trial 3
Start End Water Start End Water Start End Water
reading | reading infiltrating reading | reading infiltrating reading | reading infiltrating
Depth (cm) (mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL)
1
3
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Appendix B—Sampling Method for Post-fire Assessment of Soil Water

Repellency

Classification of the Burned Area

The burned area is divided into areas of similar char-
acteristics based on the factors that correlate strongly
with post-fire soil water repellency—burn severity and
slope aspect. MDI tests are done along transects located
on selected hillslopes (upper and lower slope positions)
of each class or category (fig. B1). The results from the
sampled hillslopes will be extrapolated and applied to
other burned hillslopes of the same class (in other words,
with the same burn severity and aspect). However, if the
burned area covers more than one general soil type (for
example, course granitic and fine ash cap) or vegetation
type (for example, conifer forest and chaparral), a separate
post-fire assessment of soil water repellency should be
completed in each soil and vegetation type.

Soil Burn Severity—The initial Burned Area Reflec-
tance Classification (BARC) map provides the first
post-fire burn severity designations (unburned, low,
moderate, or high). Because ground verification of this
map is often done simultaneously with soil water repel-
lency testing, it is necessary to first check the soil burn
severity classification of each slope chosen for soil water
repellency testing (Note: in the descriptions below, the

Upper slope

o
I

\ Lower slope

|

canopy information is included as “confirmation” of the
degree of fire effects on the hillslope).

* Highsoil burn severity will have extensive exposed
charred (orange, gray, or black) mineral soil and ash
with very little litter or other organic cover. Tree
canopies are mostly burned and/or black.

* Moderate soil burn severity is characterized by
a mix of charred soil, ash, and some remaining
vegetation cover. There will often be charred or
scorched needles remaining in the trees or on the
ground as a post-fire litter cover.

* Low soil burn severity has little charred soil or ash,
and usually has a majority of remaining litter cover.
Tree canopies are mostly unscorched and green.

Areas of high and moderate soil burn severity should
be tested for water repellency, but it is not essential to test
low soil burn severity and unburned areas when under
the time constraints of post-fire emergency assessment.
Moderately burned areas are typically amosaic of highly
and lightly burned areas. Efforts should be made to place
the sampling transects through arepresentative area that
captures the average burn severity of the hillslope.

High burn severity
South-facing aspect

Infiltrometer test locations along transects

L

Msml surface

Tem > XX X

60 100 meters

Perform an
infiltrometer
test at each “x”
at 2 soil depths

3cm—>»

Figure B1—Diagram of the transect layout and Mini-disk Infiltrometer sampling points (note:

diagram not to scale).
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Slope Aspect— A simple dichotomous division of aspect
into north (270 to 360 and 1 to 89 compass degrees)
and south (90 to 269 compass degrees) is adequate for
post-fire assessment of soil water repellency. Aspect is
measured facing downhill in the direction water would
run if poured on the slope. Both north and south aspects
within areas burned at high and moderate severity need
to be sampled.

Sampling Along Transects

After a forest fire, typical hillslopes of high and mod-
erate soil burn severity with north and south aspects are
selected for sampling. Two slope positions—upper slope
and lower slope—are sampled. A 100-m transect is laid
along the hillslope contour and M DI tests are performed
at the 0, 10, 30, 60, and 100 meter marks (fig. B1). At
each test location, three MDI tests are done at both 1 and
3 cm below the mineral soil surface. (Testing below the
3-cm depth may be necessary if unusually high soil heat-
ing is suspected, such as under slash piles, blowdown,
or other large accumulations of materials.)

Determining the Number of Transects or
Sample Size

Power analysis was performed to estimate the number
of sample transects needed to confidently draw conclu-
sions about post-fire soil water repellency and infiltra-
tion. A statistical power of 80 percent and a precision
of 2 mL min”' (1 mL min_l) were used as inputs in
the power analysis. This means that the power analysis
was completed with the assumption that “an 80 percent
probability that the true mean is within £1 mL min”'
of the sampled mean” would be adequate power for the
post-fire assessment of soil water repellency.

The results of the power analysis provide a range of
sample size prescriptions correlated to an alpha, which

is a measure of the certainty that the sample data repre-
sents the value of the entire population (in our case, all
the burned hillslopes of the class). The alpha represents
the risk of being wrong, and its counterpart, confidence
level ([1-a] x100 percent) is the probability of being cor-
rect. Table B1 presents the prescribed sample sizes for
confidence levels of approximately 70 percent (a0 =0.3),
80 percent (a0 =0.2), 90 percent (o0 =0.1), and 95 percent
(00 =0.05). The number of samples needed based on the
power analysisis listed in the second column of table B1;
however, the prescribed number of transects is rounded
to the nearest multiple of 10, or a full transect amount of
samples. At the 70 percent confidence level, the sample
size (23) is rounded down to 20 to fit two full transects,
which will have a confidence level that is slightly less
than 70 percent. At 80, 90, and 95 percent confidence
levels, the sample size is rounded up to fit the transect
sampling method, which increases the confidence levels
as compared to the values listed in the first column of
table B1. As a check on this methodology, we used a
stratified random sampling of our data to test the abil-
ity of 20 samples from a class to approximate the class
mean from the full data set and calculated an average
difference of 6 percent.

Selecting a confidence level is a balance between not
wanting to incorrectly assess the soil water repellency
or reduced infiltration (especially as results are likely to
be applied to other similar, but not sampled hillslopes)
and the time and expense of post-fire MDI testing. In
most post-fire assessments, setting the confidence level
will not be the criterion for sample size selection, rather
time and availability of human resources will dictate
the maximum amount of sampling that can occur. The
time needed for MDI testing has been estimated for
four sampling prescriptions (table B2). Based on our
experience using the MDI, a person can complete the
six tests (three tests at two depths) at a sampling point in

Table B1—Sample size prescriptions based on power analysis. The selected inputs for this
analysis were a) 80 percent power and b) + 1 mL min™" precision. The other input, a
standard deviation of 4 mL min‘1, was calculated from over 1000 postfire measure-
ments (Note: 2 depths x 5 locations = 10 samples per transect).

Power analysis

Sampling prescription

Confidence level Samples Transects Samples Approximate
(%) [o] per class per class per class confidence level (%)
70 [0 =0.3] 23 2 20 <70
80 [0 =0.2] 34 4 40 >80
90 [0 = 0.1] 53 6 60 >90
95 [o. = 0.05] 73 8 80 >95
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USDA Forest Service Research Note RMRS-RN-33. 2008



Table B2—The number of person-days, samples, and transects needed to estimate post-fire soil water
repellency and reduced infiltration at four confidence levels—70, 80, 90, and 95 percent.
The four classes are indicated as HS = High burn severity-South aspect; HN = High burn
severity-North aspect; MS = Moderate burn severity-South aspect; MN = Moderate burn

severity-North aspect.

1 person-day

2 person-day

3 person-day 4 person-day

Number of

samples — transects 80-8 160-16 240-24 320-32
Number of 2/HS, 2/HN, 4/HS, 4/HN 6/HS, 6/HN 8/HS, 8/HN
transects/class 2/MS, 2/MN 4/MS, 4/MN 6/MS, 6/MN 8/MS, 8/MN
Number of

hillslopes (sites) 4 12 16
Confidence level 70% 80% 90% 95%
Description A C D

A. one person would spend one day:

2 transects (upper/lower) at 4 sites (hillslopes) = 2 transects per class

B. one person would spend two days or two people would spend one day:
2 transects (upper/lower) at 8 sites (hillslopes) = 4 transects per class

C. one, two, or three people sample to total 3 person-days:
2 transects (upper/lower) at 12 sites (hillslopes) = 6 transects per class

D. one to four people sample to total 4 person-days:
2 transects (upper/lower) at 16 sites (hillslopes) = 8 transects per class

under 15 minutes and, with five sampling points along
a transect, the time needed for one transect is less than
1'/4 hours. Given two transects per hillslope, it would
likely take one person about 24 hours to sample a
hillslope site.

Interpreting Results

At each transect test location (0, 10, 30, 60, and 100
m), six individual MDI tests (three tests at each of two
depths) are performed (fig. B1). The mean of the three
individual MDI readings is the MDI value at that sample
location and depth. The M DI value determines the degree
of soil water repellency (Strong, Weak, or None) at each
sample location, and for each hillslope, the proportion

of MDI values (percent) that indicate Strong, Weak, and
No soil water repellency are calculated. These percent-
ages are used to describe the degree and extent of soil
water repellency on the assessed hillslope.

Example

Table B3 presents a spreadsheet format and analysis
for a soil water repellency sample data set that could
have been collected in 1 day by a single person (this
spreadsheet is available for downloading at http://
forest.moscowfsl.wsu.edu/BAERTOQOLS). Based on
these sample data, a post-fire assessment team would
assume that soil water repellency in the burned area is
distributed as follows:

* Moderate soil burn severity, North aspect:

* Moderate soil burn severity, South aspect:

* High soil burn severity, North aspect:

* High soil burn severity, South aspect:

USDA Forest Service Research Note RMRS-RN-33. 2008

Strong-35 percent; Weak-40 percent; None-5 percent
Strong-75 percent; Weak-20 percent; None-5 percent
Strong-75 percent; Weak-15 percent; None-10 percent

Strong-90 percent; Weak-10 percent; None-0 percent
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Because only two transects on a single hillslope in
each sampling class were assessed (table B1), these
results have a fairly low confidence level (slightly less
than 70 percent). Additional sampling within a class
would improve the statistical confidence level for that
class. In this example, the BAER team may decide that
additional sampling should be done on moderate soil
burn severity hillslopes to increase confidence that the
post-fire soil water repellency and infiltration differences
between north and south aspect slopes is valid.

The soil water repellency data is specific to a class of
soil burn severity and slope aspect (M/N; M/S; H/N; or
H/S as described in table B2), and the assessment from
the sampled slopes is applied to the unsampled slopes

12

of the same soil burn severity and aspect. This can be
useful in prioritizing areas for post-fire stabilization treat-
ments. In the example (table B3), stabilization treatments
may not be needed on moderate soil burn severity-north
aspect slopes (only 35 percent Strong soil water repel-
lency), especially if fallen needle cover (needle cast)
may provide substantial natural protection from erosion.
However, stabilization treatments may be necessary on
the moderate soil burn severity-south aspect slopes (75
percent Strong soil water repellency) and the high soil
burn severity slopes (75 and 90 percent Strong soil water
repellency) in areas where downstream values are atrisk
from increased flooding and sedimentation.
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